The aim of the study is to analyze three different waste treatment technologies by life cycle assessment tool. Sanitary Landfill, Incineration and gasification-pyrolysis of the waste treatment technologies are studied in SimaPro software based on input-output materials flow. SimaPro software has been applied for analyzing environmental burden by different impact categories. All technologies are favorable to abiotic and ozone layer depletion due to energy recovery from the waste treatment facilities. Sanitary landfill has the significantly lower environmental impact among other thermal treatment while gases are used for fuel with control emission environment. However, sanitary landfill has significant impact on photochemical oxidation, global warming and acidification. Among thermal technology, pyrolysis gasification is comparatively more favorable to environment than incineration in global warming, acidification, eutrophication and eco-toxicity categories. Landfill with energy recovery facilities is environmentally favorable. However, due to large land requirement, difficult emission control system and long time span, restriction on land filling is applying more in the developed countries. Pyrolysis-gasification is more environmental friendly technology than incineration due to higher energy recovery efficiency. Life cycle assessment is an effective tool to analyze waste treatment technology based on environmental performances.
INTRODUCTION
Waste is no more treated as the valueless garbage; waste is rather considered as a resource in the present time. Resource recovery is one of the prime objectives in sustainable waste management system. Different waste treatment options are available in the current time with different waste management capacities. There is no a single technology that can solve the waste management problem (Tehrani et al., 2009) . Integrated waste management system is commonly applied method in many developed countries. Integrated waste management system offers the flexibility of waste treatment option based on different waste fraction like plastic, glass, organic waste or combustible waste. Energy and resource recovery is also important and can be recovered through integrated waste management system. There are different system analysis tools (Finnveden and Moberg, 2004) that are available at the present time for the decision makers. Technology or strategy can be analyzed by the *Corresponding Author Email: atique@kth.se Tel./Fax: +4673 752 5708 environmental, social or environmental point of view. Life cycle assessment (LCA) is a commonly applied tool to analyze environmental burden for waste management technology, as well as system. In this study, three different municipal solid waste (MSW) management options like pyrolysis-gasification, incineration and sanitary landfill are analyzed by life cycle assessment model using SimaPro software (version 7). In addition, for life cycle inventory analysis, CML 2 (Centre for Environmental Studies, University of Leiden) baseline (2000) method has been used. The study is done primarily to assess three different options and to analyze the environmental burden from the three technologies. Results from the comparative study would be helpful for decision-making processes to evaluate environmental performance of the technologies. However, socio-economic and applicability of the technology are also important for decision and policy making processes which are not considered in this study. Especially, considering land requirement and continuous function-ability of sanitary landfill and other two thermal waste treatment options would have the significant differences which influence decision-making choice while considering MSW treatment options. Different studies have already been done for MSW management options to analyze the benefits and problems associated with the processes. Some of the studies are done by Hallenbeck (1995) ; Consonni et al. (2005) ; Liamsanguan and Gheewala (2007) ; Parizek et al. (2008) ; Grieco and Poggio (2009 ), Psomopoulos et al. (2009 ), Stehlik (2009 . Integrated waste management system (IWMS) is one of the effective strategies to solve waste management problems. The study has been done in the context of Sweden waste treatment system. However, the data for pyrolysis-gasification of waste has been taken from the United Kingdom's research report due to lack of local data by assuming that both Sweden and UK has similar waste content in municipal solid waste.
MATERIALS AND METHODS

MSW treatment technologies
Integrated waste management options are now been applying in most of the developed countries with resource recycle, recovery and energy generation facilities from the solid waste. Waste-to-energy (WTE) conversion is now considered as one of the optimal methods to solve the waste management problem in a sustainable way. Different mechanical biological and thermo-chemical waste-to-energy technologies are now applying for managing MSW. In this study, three different MSW technologies like 1) sanitary landfill, 2) incineration and 3) Pyrolysis/gasification are analyzed.
Brief descriptions of these three technologies are given bellow.
Landfill
"A landfill is a facility in which solid wastes are disposed in a manner which limits their impact on the environment. Landfills consist of a complex system of interrelated components and sub-systems that act together to break down and stabilize disposed wastes over time" (FCM, 2004) . Landfill is very old but still one of the extensively used technologies for MWS management. Most of the landfill does not have the energy production facilities. In this study, a sanitary landfill with energy recovery system has been studied. Landfill gas are generated from the landfill site in different gas generation phases. Generally, five different phases like initial adjustment, transition phase, acid phase, methane fermentation and maturation phases are observed in waste landfill (Adapted from Farquhar and Rovers, 1973; Parker, 1983; Pohland, 1987 Pohland, , 1991 . A typical WTE generation by landfill process has shown in Fig. 1 .
Incineration
Incineration is a thermal waste treatment process where raw or unprocessed waste can be used as feedstock. The incineration process takes place in the presence of sufficient quantity of air to oxidize the feedstock (fuel). Waste is combusted in the temperature of 850 ºC and in this stage waste converted to carbon dioxide, water and non-combustible materials with solid residue state called incinerator bottom ash (IBA) that always contains a small amount of residual carbon (DEFRA, 2007 Fig. 2 shows the schematic diagram of MSW combustion plant where wastes are delivered as feed stock to the pre-combustion (grate) and during post combustion, gas and slug or ashes are produced. Then, in the next phases flue gas is cleaned by water absorber or different filtering methods. Finally, the clean gas is emitted through the chimney to the air. Thermal conversation of waste to energy is now very much applied technology for waste management system due to the generation of heat and energy from the waste stream.
Pyrolysis-gasification
Pyrolysis is the thermal degradation of waste in the absence of air to produce gas (often termed syngas), liquid (pyrolysis oil) or solid (char, mainly ash and carbon). Pyrolysis generally takes place between 400 1000 °C. Gasification takes place at higher temperatures than pyrolysis (1,000-1,400 °C) in a controlled amount of oxygen (NSCA, 2002) . The gaseous product contains CO 2 , CO, H 2 , CH 4 , H 2 O, trace amounts of higher hydrocarbons (Bridgwater, 1994) . MSW pyrolysis and in particular gasification is obviously very attractive to reduce and avoid corrosion and emissions by retaining alkali and heavy metals (Malkow, 2004) . There would be a net reduction in the emission of the sulphur di-oxide and particulates from the Pyrolysis/Gasification processes. However, the emission of oxides of nitrogen, 
Life cycle assessment
Life cycle environmental assessment tool is one of the effective and principal decision support tools (Christensen et al., 2007) to assess the flow dynamics of the resources. LCA can give us the idea on environmental burdens per functional unit (kg/ton) of waste generated (Ekvall et al., 2007) . Many research works have already been done on LCA all over the world as a decision making tool (Gheewala and Liamsanguan, 2008) for assessing (Bilitewski and Winkler, 2007) waste technology (Ekvall and Finnveden, 2000) models (Björklund, 2000) ; (Diaz and Warith, 2006) methods (Matsuto, 2002) and strategies (Barton and Patel, 1996; Björklund and Finnveden, 2007; Pennington and Koneczny, 2007; Cherubini et al., 2008) for MSW management. All these study have analyzed waste management options through life cycle perspectives. This study has been done by considering inflow, outflow data, emissions and resource recovery through electricity and heat recovery from the system. The study is analyzed three different waste treatment technologies that can manage all type of waste fraction. Aim and scope Goal of the study is to develop a LCA model and compare three different MSW treatment options. The study has been carried out by SimaPro (7.0 version) software, life cycle impact assessment has been done by considering CML 2 baseline (2000) method. Waste management technologies are analyzed by ten different impact categories like abiotic depletion, acidification, eutrophication, global warming, ozone layer depletion, human toxicity, fresh water ecotoxicity, marine ecotoxicity, terrestrial ecotoxicity and photochemical oxidation. Functional unit of the study has been set as one ton of waste mass. Thus, all input and output flows in the model are considered as a reference flow of one ton of MSW treatment for WTE generation. A comparative LCA study has been done in this study. Therefore, average country mix (Sweden) data have been considered for the LCA model while allocating avoiding product. Allocations of the resources have been done based on the system expansion. Fig. 4 shows the system boundary of the WTE options. Waste is considered as a mixture of compostable or organic, inorganic and other types of waste fractions. Within the system boundary, all inputs to the system like 1 ton of MSW and energy requirement for the processes and all outputs like emission to the air waster or soil and final disposal and electricity generation from the systems have been considered.
Assumptions
Following assumptions have been made for the LCA model:
Transport distance of waste for all processes system assumed as same and that's why transportation has been omitted from the system boundary; Electricity that produced in the processes is avoided as the average Swedish national electricity production. Table 1 .
Life cycle inventory and data analysis
In LCA model of Pyrolysis-Gasification, the input data have taken as resource (one ton MSW), energy (electricity kWh/ton of MSW), emission (gm/T) to air, soil or waster, energy generation (kWh/ton of MSW) and final residue (kg/ton) produced by the facilities. Table 2 shows the emission rate emitted by the facilities during treated one ton of MSW.
Since, carbon content in waste is constant, therefore, for P-G process carbon dioxide emission was assumed same as incineration of municipal solid waste. Model however, developed based on the fossil carbon content (39.5 %) in the total carbon emission. Table 3 shows the water emission from the landfill and here surface water and ground water emission are considering as total waster emission. 
A. U. Zaman Life cycle impact assessment (LCIA)
Life cycle impact assessment of the WTE technologies has been done the CML 2 baseline (2000) method. Environmental impacts from the three different MSW treatment facilities are analyzed based on ten different impact categories in CML methods. Impact categories in CML method are abiotic depletion, acidification, eutrophication, global warming potential, ozone layer depletion, human toxicity, fresh aquatic ecotoxicity, marine aquatic ecotoxicity, terrestrial ecotoxicity and photochemical oxidation. Characterization values of the each impact categories are analyzed; normalization of the impact category based on global value. Normalization values are taken as the world 1990 value in the LCA model and value are given in Table 4 .
RESULTS AND DISCUSSION
Comparative LCA model of pyrolysis-gasification, Incineration and Landfill has been developed where impact of transportation system is not considered for any of the processes. Table 5 shows the characterization value of different impact categories. From the characterization table, all of the MSW treatment facility has the positive environmental impact on abiotic and ozone layer depletion categories due to the electricity generation by the processes. Landfill has the higher safety value in abiotic depletion and incineration has the higher value in ozone layer depletion category than the pyrolysis-gasification process. From the comparative study, incineration has the higher environmental impact than the PyrolysisGasification in the acidification, eutrophication, global warming, human toxicity, aquatic toxicity categories; however, pyrolysis-gasification has the higher potential environmental impact in terrestrial ecotoxicity and photochemical oxidation categories. Incineration has the highest global warming potential among the three facilities and pyrolysis-gasification has the lower GWP however, carbon emission assumed same as incineration and this was because of lower final residue production. Landfill has the highest photochemical potential among the three and incineration has the least photochemical oxidation potential. Fig. 5 shows the characterization graph of the comparative LCA model. Normalization graph (Fig. 6 and Table 6) shows that 3.7e-10 3.6e-10 3.5e-10 3.4e-10 3.3e-10 3.2e-10 3.1e-10 3e-10 2.9e-10 2.8e-10 2.7e-10 2.6e-10 2.5e-10 2.4e-10 2.3e-10 2.2e-10 2.1e-10 2e-10 1.9e-10 1.8e-10 1.7e-10 1.6e-10 1.5e-10 1.4e-10 1.3e-10 1.2e-10 1.1e-10 1e-10 9e-11 8e-11 7e-11 6e-11 5e-11 4e-11 3e-11 2e-11 1e-11 -4. The process is also continuous and has the option of rapid improvement in future. These factors that have been discussed before are the influential factors for the decision-making process for waste management technology selection.
Uncertainty and limitations of the results
Modern sanitary landfill with flare gas collection system for electricity generation facility has been considered for the comparison which might not be common for all countries. Sanitary landfill is more environmental friendly however; ordinary landfill has significantly high impact than the other technology. The study is done based on the process LCA analysis which is not based on waste fraction. Because assumption is made that 1 ton of waste is treated by the three different technologies and based on the emissions and energy production environmental performance of the technology is analyzed in the study. Maturity of the technology is a vital point while comparing different technologies, however, this comparative study showed the environmental burden and benefits based on the real time scale with different development level of technology. Therefore, the study did not rank any technology based on the analysis.
CONCLUSION
Different waste treatment options have different type of impacts; however, environmental soundness of the technology should be accounted in the long time perspective. Pyrolysis-gasification has found one of the emerging technologies which have lower environmental impact than the incineration process. Sanitary landfill with energy generation has the least environmental impact among the three waste treatment technologies. However, due to the socio-economic and environmental perspective landfill is not favorable waste treatment option. Disposal of final residue is one of the prime environmental concerns in thermal waste treatment processes.
